Objectives-To evaluate trends in referrals for emergency operations after percutaneous transluminal coronary angioplasty (PTCA) complications; to analyse morbidity and mortality and assess the influence of PTCA backup on elective surgery. Design-A retrospective analysis of patients requiring emergency surgical revascularisation within 24 hours of percutaneous transluminal coronary angioplasty. Patients-Between January 1980 and December 1990, 75 patients requiring emergency surgery within 24 hours of percutaneous transluminal coronary angioplasty. Setting-A tertiary referral centre and postgraduate teaching hospital. Results-57 patients (76%) were men, the mean age was 55 (range 29-73) years, and 30 (40%) had had a previous myocardial infarction. Before PTCA, 68 (91%) had severe angina, 59 (79%) had multivessel disease, and six (8%) had a left ventricular ejection fraction ofless than 40%. A mean of 2-1 grafts (range one to five) were performed; the internal mammary artery was used in only one patient. The operative mortality was 9% and inhospital mortality was 17%. There was a need for cardiac massage until bypass was established in 19 patients (25%): this was the most important outcome determinant (P = 0.0051) and was more common in those patients with multivessel disease (P = 0.0449) and in women (P = 0.0388). In 10 of the 19 cases a vacant operating theatre was unavailable, the operation being performed in the catheter laboratory or anaesthetic room. These 19 patients had an operative mortality of 32% and inhospital mortality of 47%, compared with 2% and 7% respectively for the 56 patients who awaited the next available operating theatre. Complications included myocardial infarction, 19 patients (25%); arrhythmias, 10 patients (3%); and gross neurological event, two patients (3%).
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The mean intensive care unit stay was 2-6 days (range 1 to 33 days) and the mean duration of hospital admission was 13 days (range 
days).
Conclusions-Patients undergoing emergency surgery after PTCA complications have a substantially increased inhospital mortality and morbidity. PTCA in this unit continues to require surgical cover. Delays in operating on stable patients in centres which operate a "next available theatre" backup policy may not differ from some units performing PTCA with offsite cover for PTCA complications. Particularly in the presence of multivessel disease, however, PTCA complications may be associated with the need for "crash" bypass and such patients are unlikely to survive hospital transfer. The proportion of patients requiring "crash" bypass has increased during the period reviewed because of the extent of disease in the emergency surgical group increased. These results indicate that surgery should not be denied to these patients.
(Br Heart J 1994;72: [428] [429] [430] [431] [432] [433] [434] [435] According to published work, emergency surgery after percutaneous transluminal coronary angioplasty (PTCA) is such a rare occurrence that, in selected patients, the procedure no longer warrants onsite surgical backup. Several centres have documented an extremely low incidence of emergency surgical procedures in the last few years. -3 These data must be interpreted with extreme caution, as many variables affect angioplasty results. There are still many units which continue to require surgical intervention on a regular basis, particularly in specialised teaching institutions which perform many complex PTCA procedures; immediate surgical intervention may be lifesaving.
The inevitable expansion of angioplasty facilities, the continuing increase in procedures performed, and the widening indications for PTCA may have important implications for surgical units which provide emergency surgical cover, specifically if changing patient profiles have a bearing on operative results and if increasing numbers of emergency referrals have an adverse impact on elective surgery. Therefore, analysis of emergency surgical requirements for angioplasty complications must be performed accurately to plan logistical and financial resources in the future, to precisely define the implications of contractual cover for offsite angioplasty centres, and to ascertain the impact of changes in indications, equipment, or techniques on the incidence and outcome of emergency surgery.
The incidence of emergency surgery may vary between institutions (or vary in the same institution over time) because of differences in PTCA operator experience and aggressiveness, the angioplasty population, the availability of bail out techniques, and surgical referral and intervention criteria. Patients were subdivided into two groups on the basis of the degree of instability and need for immediate surgical revascularisation: group I, patients requiring "crash" bypass; and group II, patients requiring urgent bypass.
Group I included patients in asystole, intractable ventricular fibrillation, or profound shock unresponsive to inotropic support necessitating immediate cardiopulmonary bypass and surgical revascularisation. These patients required cardiac massage until bypass was established. Crash bypass was performed in the operating theatre if facilities were available at the time; otherwise operations were conducted in the catheter laboratory or anaesthetic room.
Group II patients showed instability but maintained systemic pressures (with or without inotropic drugs) which were considered compatible with adequate organ perfusion. Urgent surgical revascularisation was performed in the operating theatre as soon as facilities and staff were available.
Anaesthetic induction and maintenance were achieved using intravenous (benzodiazepine/opiate) drugs. All patients who had arrested were intubated and ventilated with 100% oxygen. In the remaining patients, particular attention was paid to pain control and the maintenance of steady mean arterial pressures and heart rate to avoid increases in myocardial oxygen demands. Most patients were given mannitol or a loop diuretic intraoperatively. A low dose dopamine infusion (<5,ug/kg/min) was started if impaired renal function had been identified preoperatively or in patients who did not have an adequate diuretic response during the course of the operation. In an effort to achieve some degree of additional cerebral protection, 2 g methylprednisolone or 20 mg dexamethasone were administered to crash bypass patients. All patients were ventilated for at least four hours after the operation and received continuous intravenous nitrate infusions in the early postoperative period.
All patients had median sternotomy. Cardiopulmonary bypass was established after heparinisation (3 using adrenaline, dopamine, or dobutamime. The intra-aortic balloon was used after failure to wean from bypass on substantial inotropic support. Prophylactic insertion of the intraaortic balloon before weaning from bypass was occasionally used if ventricular damage was thought to be extensive when the heart was inspected after sternotomy.
Owing to the frequency of omission of creatine kinase MB enzymatic analysis, the difficulties in perioperative creatine kinase MB interpretation, and the frequency of non-specific transient T wave changes, the total number of perioperative infarctions were determined as follows: (a) in survivors, the diagnosis of perioperative myocardial infarction was made on the basis of the appearance of new pathological Q waves with or without previous ST segnent elevation; and (b) in patients who died, on the basis of ST elevation greater than 2 mm in more than one topographically related lead.
Differences were analysed by x2 significance 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 Year Figure 2 Decrease in incidence of emergency surgery after percutaneous transluminal coronary angioplasty. 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 Year Figure 3 Increase in prevalence of emergency surgery after percutaneous transluminal coronary angioplasty.
Results
Angioplasty numbers have increased exponentially since 1980 and culminated in 450 angioplasty procedures during 1990 (fig 1) . The sex ratio was 78&8% men and 21-2% women; the median age was 56-4 years (overall range 32-87 years, mean age 56-7 years, semi-interquartile range 50-1-63-1 years). Over the 11 year period, 75 of 1539 (4.9%) patients required surgical revascularisation for clinical deterioration within 24 hours of failed angioplasty. Figure 2 illustrates the yearly incidence of emergency bypass after angioplasty complications expressed as a percentage of total procedures performed. The exponential increase in angioplasties performed was accompanied by a similar decrease in the incidence of emergency operations. Between 1986 and 1990, the mean incidence of emergency operations was 3 7%. Figure 3 shows the number of patients referred for an operation. The increase up to 1988 relates to the increase in the number of angioplasty procedures performed, with a 50% decrease in numbers referred in the last two years of the study despite a continuing increase in the number of PTCA procedures performed. Preoperative palien-t status.
evidence of previous myocardial infarction. Of the 30 (40%) patients with previous myocardial infarction, the interval between infarction and PTCA was less than three weeks in eight patients (1 1%), between three weeks and three months in three patients (4%), and greater than three months in 19 patients (25%). Figure 4 shows the condition of patients at the time of sternotomy. Group Most patients were revascularised using reversed long saphenous vein alone (74 patients, 99%). The left internal mammary artery was harvested in two patients and used in one patient as a LAD bypass conduit. All significant coronary lesions were grafted and cardiopulmonary bypass was not reinstituted for further grafting.
Three methods of intraoperative myocardial protection were used: intermittent aortic cross clamp and ventricular fibrillation (57 patients, 76%), anterograde, cold hyperkalaemic crystalloid cardioplegia administration and a single aortic cross clamp period (13 patients, 17%), and ventricular fibrillation alone with no aortic cross clamp applied (five, 7%). The mean number of bypass grafts performed was 2-12 (range 1-5). The mean cardiopulmonary bypass time was 64 (41) minutes and ranged from 22 to 150 minutes. This included 11 patients with prolonged bypass times (> 100 minutes) and five patients in whom cardiopulmonary bypass was re-established to allow the heart a further period of rest as a non-working, beating ventricle, for inotropes to be increased, or an intra-aortic balloon to be inserted.
There were seven operative deaths (9%). Of the five patients who required reinstitution of cardiopulmonary bypass after initial weaning, three patients could not be weaned successfully from bypass after further attempts despite increased inotropic and mechanical support. The intra-aortic balloon pump was also used before discontinuance in three patients. Of the eight patients with intra-aortic balloon pump support, two survived.
The mean number of ventilator hours was 34 (range 4-360 hours). The mean intensive care unit occupancy was 2-6 days (range 1-33 days); 39 patients (60%) were discharged to the ward on the first postoperative day, and a further 10 patients (15%) on the second day. Table 2 details the complications. Nineteen patients (25%) had a myocardial infarction and this included the 13 deaths and six patients who were discharged alive from hospital with evidence of Q wave infarction (9%). Arrhythmias occurred in 10 patients (15%), including atrial fibrillation in four patients (6%), supraventricular tachycardia in one patient (1%), and ventricular fibrillation in two patients (3%); left bundle branch block, one patient (1%); right bundle branch block, two patients (3%); and permanent pacemaker insertion, one patient (1%).
Ultimately, six inhospital deaths followed in 68 operation survivors (9%). These deaths Stepwise foreward logistic regression analysis. Group = crash bypass (group I) or urgent bypass (group II); stenosis (%) = percentage stenosis of vessel for attempted PTCA; unstable = unstable angina (see text); no vessels = number of significantly diseased vessels (see text).
occurred at 1 (two patients), 2, 7, 14, and 54 days after the operation. Overall, the inhospital mortality rate was 17% (13 of 75 patients).
The mean hospital stay in survivors was 13 days (range five to 40 days).
Patients who survived the operation had a longer intensive care and hospital stay than (20) elective patients. Based on a 3-7% incidence of PTCA related surgery and 450 PTCA cases each year, 44 intensive care unit bed days were occupied by PTCA related emergency patients out of a total of 2200 available bed days, representing a 2% occupancy of the available intensive care unit beds. The 450 patients treated by PTCA during that year would have resulted in 433 fewer patients requiring an operation. In relation to inhospital mortality, seven preoperative variables (age, sex, number of diseased vessels, presence of unstable angina, degree of vessel stenosis in PTCA vessel, left ventricular ejection fraction before PTCA, and group) were analysed by forward stepwise regression analysis: 20 iterations were performed and variables were removed if the x2 value was less than 2-0. The two main determinants of inhospital mortality were patient group (crash versus urgent bypass, P = 0-0051) and female gender (P = 0-0205). Apart from the degree of vessel stenosis before angioplasty (P > 0.05), none of the other variables had a x2 value greater than 2-0 (table 3) . with a 2-3% incidence of emergency surgery and zero surgical mortality.' The second concluded that patients with more extensive dis-ease (1 6 grafts per patient) had a zero operative mortality in the presence of onsite surgical facilities.2 These data do not reflect our experience to date, however, and give a false impression of surgical risk: many issues including changing trends in PTCA selection and in the patient population referred for emergency surgery, risk factors, and impact on elective surgery have not been addressed, issues which cannot be resolved by examination of data derived in other countries where patient profiles, number of patients, and surgical cover differ significantly. Within the United Kingdom itself, the incidence of emergency surgical revascularisation will vary widely between institutions for reasons other than patient selection for PTCA: experience and aggressiveness of angioplasty staff, availability of non-surgical bail out techniques, indications for surgical referral (or, even more importantly, non-referral), and availability or extent of surgical cover are equally relavent.
The safety of PTCA has improved dramatically with experience, even in the context of wider patient selection and more complex procedures. Two features distinguish the present series in that only one study has reported a greater extent of coronary artery disease in their emergency surgery population5 and only two studies have reported such a high degree of functional impairment.67 Mean age, the percentage female population, and incidence of previous myocardial infarction are typical. Unfortunately, complete patient profiles have not been reported in many papers.
We have shown that there is a continued need for onsite surgical cover in this experienced, high volume, angioplasty unit. Although emergency surgery is only required for a minority of patients undergoing PTCA, and the risk to individual patients has decreased, the numbers being referred for surgery are not decreasing to the same extent because of rapid PTCA expansion. The decrease in-the number of surgical'teferrals in the final two years of the study are encouraging, but must be viewed cautiously. In recent years, almost one third of operations have been performed on collapsed patients who had no chance of survival without immediate surgical intervention. If these cases had occurred in PTCA units with offsite cover, these patients-would not have survived hospital transfer. These data re-emphasise that first class management of patients undergoing PTCA mandates 24 hour, onsite surgical cover.
The requirement for emergency surgery after failed PTCA has been reported between 2% and 21%.68 In general, recent reports quote a lower incidence than earlier studies. Neither our reported overall incidence of emergency surgery (4'9%), nor the incidence in the last five years (3.7%) are remarkable in the context of the periods covered. The status of patients referred for emergency surgery is an important feature of our study: 25% of emergency surgical candidates required cardiac massage to bypass. Even when patients developing "cardiogenic shock" were considered in this category, only three other centres9-" have reported such a high incidence (23%, 31%, and 35%) and the remainder have documented a crash bypass/cardiogenic shock incidence between 1% and 16%. As the reports do not document the number of moribund patients that did not undergo a salvage operation, the discrepancy in crash bypass rates may reflect differences in referral criteria. The extent of vessel disease was the major contributing factor to the high incidence of crash bypass in our series.
In respect of patients who-require cardiac massage onto cardiopulmonary bypass, we would urge immediate transfer to the operating room where optimum operating conditions prevail. This series illustrates, however, that despite onsite surgical facilities and staff, it is not always possible to provide empty operating theatres for truly emergent cases due to routine surgical commitments. A total of 25% of these patients were referred at inopportune times during routine surgical operating sessions. We would advocate that surgical departments draw up specific contingency plans for such eventualities to ensure a rapid response capability.
Although the internal mammary artery is used in approximately 75% of elective coronary patients, the vessel was not used in 97% of these patients because of the additional ischaemic time involved in harvesting the artery and the risk of a low flow state postoperatively. Other centres have reported 0-24% internal mammary artery use after PTCA failure dependent on patient status'2 13; the true disadvantages of internal mammary artery harvesting after establishing cardiopulmonary bypass in this setting have yet to be clarified. The use of autoperfusion catheters has not resulted in increased internal mammary artery usage." Published data pooled from a large number of USA centres reported an association between internal mammary artery usage and operative mortality in patients undergoing surgery for acute PTCA failure (internal mammary artery used, 1 03%; no internal mammary artery used, 3-24%). The fact that no internal mammary artery was used in two thirds of the reported patients may, however, reflect a clinical factor not included in the data analysis which contributed to conduit selection: the percentage of patients in cardiogenic shock after PTCA was not reported (though internal mammary artery usage was associated with better mortality in the overall group undergoing surgery in the presence of cardiogenic shock); the number of patients who did not require LAD revascularisation was undefined; the use of autoperfusion catheters was not documented; and the relation between conduit selection and choice of intraoperative myocardial protection or the sequence of graft anastomoses was not explored. '4 Of the 1539 patients who underwent PTCA, 1464 patients did not require surgery and, in this group, there was almost zero mortality. Indeed, the overall mortality for PTCA was less than 1 % and compares with mortality figures for elective surgery. This study emphasizes, however, that the risk of emergency surgery after PTCA complications carries a high morbidity and mortality and that careful clinical judgement must be exercised in selecting patients for PTCA while awaiting the results of prospective randomised studies comparing medical treatment, angioplasty, and surgery.
The condition of the patient at the time of surgical referral is the primary outcome determinant. Even those patients who have waited for the next available operating room slot must be quoted risks in excess of routine elective coronary surgery. We have documented a 2% operative mortality and 5% inhospital mortality in this subgroup compared with about a 1% risk of inhospital mortality for routine surgery.
In comparison with previous reports, operative mortality (9%) and hospital mortality (17%) were high, but they again reflected patient status at the time of surgery and the extent of coronary disease. The difference in outcome after crash and urgent bypass was particularly remarkable. Operative mortality (32%) was 16 times higher and hospital mortality (47%) was seven times higher in the crash bypass group. From a different perspective, we believe that a 53% salvage rate in these circumstances is commendable and supports continuation of our present aggressive surgical policy. This should be compared with a 100% mortality reported in offsite referrals using the same intraoperative myocardial protection for patients in cardiogenic shock treated preoperatively with inotropes or intraaortic balloon counterpulsation and the inability to offer the opportunity for surgical salvage to patients who had intractable fibrillation or profound hypotension not responding to either of these two measures in the five referring centres. ' Initial cardiopulmonary bypass time was significantly longer in the crash bypass group due to the greater number of vessels bypassed and our impression that a further period of bypass with the heart in a beating but nonworking mode allows some degree of recovery of reversibly damaged muscle. Total bypass time was also significantly longer in the crash bypass group due to the more frequent need for the re-establishment of cardiopulmonary bypass as a consequence of poor left ventricular pump function.
In the light of the number of salvage cases, the incidence of gross neurological events is remarkably low (three of 19 patients, 16%) and reflects effective resuscitation, good communication, and rapid institution of cardiopulmonary bypass (in the catheter laboratory itself if theatres are unavailable).
The incidence of periprocedural myocardial infarction by the appearance of Q waves was undoubtedly underestimated in this study and reflected the retrospective nature of the study and diagnostic limitations. Quantification of troponin subunits should address this issue i-n the future.
Several workers have identified preprocedural risk factors for PTCA failure including multivessel disease, female sex, and lesion morphology.1'58 These correlations serve as poor predictors of PTCA outcome.'9 One group prospectively graded PTCA patients into low and high risk categories on the basis of accepted risk variables and provided full surgical backup for the latter group only. They failed to show any benefit from risk stratification as the incidence of emergency surgery was not significantly different between 20 th the two groups. Thus the requirement for emergency surgery after PTCA is unforeseeable.
Once this unpredictable event has occurred, what are the factors associated with poor outcome? We identified the key prognostic factors in the emergency surgery group specifically in relation to the need for crash bypass, operative and in hospital mortality. Extent of vessel disease and female sex were associated with an increased need for crash bypass which was the main outcome determinant. Age, severity of functional impairment (Canadian Cardiological Society class), left ventricular ejection fraction, unstable angina (pre-PTCA), infarction interval, or degree of vessel stenosis did not determine the need for crash bypass. Thus the status of the patient at the time of referral is the overwhelming outcome determinant and we can predict that the likelihood of crash bypass will increase as more complex PTCA procedures are performed in future years. This trend is already apparent in the present series. Comparing the results of emergency surgery in early patients (from January 1980 to December 1985, 24 patients) and more recent patients (from January 1986 to December 1990, 51 patients), the trend in actual numbers of patients referred did not mirror the dramatic decrease in the incidence of emergency surgical referrals (14% to 3-7% of PTCA patients). The patients referred for emergency surgery in the latter time period were characterised by an increase in the extent of vessel disease, which resulted in a higher proportion needing crash bypass and a poorer overall outcome. Autoperfusion balloons and non-surgical bail out (stenting and laser techniques) were not used in our unit during the period reported. Beyersdorf has reported an increase in the incidence of cardiogenic shock (currently 35%) in surgical referrals in spite of the use of bail out techniques; he attributed this to the greater complexity of PTCA/stenting procedures being undertaken.'0 Reports from other centres on bail out procedures are simply descriptive or contain important biases.
Poststent treatment strategies (including surgical referral) were undertaken on the basis of individual discretion. Operator experience is a further confounding variable. Therefore there is insufficient data to support formulation of strict clinical policies or to evaluate the impact on emergency surgical referrals at this time."2
The increase in PTCA related emergency surgery in the latter time period is a consequence of the rapid expansion of PTCA. Worldwide, the evolution of angioplasty has been phenomenally rapid. In the United Kingdom, the provision of angioplasty facilities and trained staff has fallen short of requirements. In contrast with the United States where the incidence of PTCA is 1000 cases per million population and PTCA cases outnumber coronary artery bypass procedures, only 100 cases per million population were performed in the UK in 1988. 23 With the inevitable continuation in the expansion of PTCA, a fixed or increasing emergency rate will result in a greater impact on the limited resources provided for elective coronary artery bypass surgery. Notwithstanding the fact that 1464 patients with symptomatic coronary artery disease avoided the need for an operation, PTCA and surgery are complementary forms of treatment. Most patients awaiting elective surgery are unsuitable for PTCA and the number of surgical cases has not decreased despite the widespread use of PTCA. Emergency surgery results in the disruption of elective surgery and the use of intensive care beds. Surgical audit must evaluate the impact of emergency procedures (of which a variable proportion are PTCA related cases) on waiting lists. In this context, the current impact of PTCA related emergencies on elective surgery waiting lists is not insignificant, although outweighed by the avoidance of the need to join the surgical waiting list for many patients suitable for PTCA. Notwithstanding evidence that centres performing PTCA with offsite surgical cover have reported a lower incidence of emergency surgery24 (and we do not know whether this reflects careful patient selection, more cautious operator practices, the absence of trainee operators, unwillingness or failure to publish poor results, or failure to provide the surgical option in moribund patients), surgical units providing contractual offsite cover should not underestimate the potential consequences. A prospective analysis of the impact of PTCA on elective surgical waiting lists, which would take into account present contractual arrangements for elective surgery, is warranted.
In conclusion, this study illustrates the continued need for 24 hour, onsite surgical cover for PTCA procedures in a high volume angioplasty unit. This need persists despite a dramatic decrease in the risk of an individual patient requiring surgical intervention for PTCA related complications. Expansion of PTCA and the increasing complexity of PTCA procedures have resulted in increased referral of patients needing immediate surgery which, on occassion, necessitates the institution of cardiopulmonary bypass in the catheter laboratory. Intensive surgical management is justified by a 53% hospital survival in the crash bypass group. If their complications had arisen in a PTCA centre without onsite surgical cover these patients are unlikely to have survived hospital transfer.
